RESCAN is a metrology platform, currently under development at Paul Scherrer Institut to provide actinic inspection capability for EUV reticles. It is a lensless microscope and its defect detection protocol is based on coherent diffraction imaging. One of the key features of an actinic pattern inspection tool is the ability to operate on reticles protected by an EUV pellicle. Thanks to the absence of imaging optics in close proximity of the sample, there are no geometrical constraints preventing the inspection of a pellicle-protected reticle in RESCAN. Nevertheless, the defect detection sensitivity depends on the quality of the reconstructed images and it is therefore important to assess if and how these are affected by the presence of an EUV pellicle. We report here the results of an evaluation of the effects of different types of EUV pellicles on the reconstructed images. We observed that high-absorption silicon nitride pellicles significantly reduce the imaging quality whereas in the case of the CNT-based pellicles the imaging performance was not affected. We also observed no damage of the CNT-based pellicle. To our knowledge, this work is the first successful attempt to perform mask inspection through EUV pellicles.
INTRODUCTION
Actinic pattern inspection (API) is an important cornerstone of the infrastructure required to support EUV lithography as it enters the high-volume manufacturing stage. Its role is to monitor the presence of defects on the reticle and assess their printability in different phases of the lithography process, including mask fabrication, exposure, and storage. An efficient API system should be able to detect and locate all the printable defects with high position accuracy in a short time. As for DUV reticles, EUV masks will eventually be equipped with protective pellicles to maximize the yield. [1, 2] Although currently, a removable pellicle option is being considered, this is a risky and not ideal solution. Therefore, to be fully integrated into the lithography flow, an API system should also be capable of performing through-pellicle inspection.
The RESCAN tool (REflective-mode EUV mask SCANning microscope) is an actinic pattern inspection platform currently under development at Paul Scherrer Institute (PSI) [3] [4] [5] . It is installed at the XIL-II beamline of the Swiss Light Source. The beamline is equipped with a monochromator to guarantee a spectral bandwidth λ/∆λ = 1500. The optical layout of RESCAN, outlined in Figure 1 , consists of a variable aperture, a toroidal condenser, and a flat mirror that folds the beam towards the sample at an incidence angle of 6 o . Both mirrors are coated with a Mo/Si multilayer to maximize the EUV reflectivity. Currently, RESCAN is hosted in a relatively small vacuum chamber that can accommodate samples as large as 2×2 cm 2 and the measurement area is limited to 200×200 μm 2 which corresponds to the sample stage range.
RESCAN is a lensless scanning microscope based on coherent diffraction imaging (CDI). Compared with traditional EUV optical systems, CDI has the advantage of avoiding complex and expensive optics and their inherent physical limitations in terms of numerical aperture, resolution, and speed. Defect inspection is performed by reconstructing the sample's complex amplitude and comparing it with the reconstruction of a control region (die-to-die inspection) or with the complex amplitude calculated from the reticle design layout (die-to-database inspection). RESCAN has been successfully tested on logic pattern samples with programmed defects as small as 35×141 nm 2 . Since the tool does not
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The CDI ap algorithm. [6] of the illumin sample with a the phase info The absorber generated wit in Figure 2 . elements in close proximity to the surface of the sample. The three pellicles under test were mounted statically above the sample, which means that the illumination beam hit the pellicle surface always in the same location. We have not observed any visible exposure damage to the pellicles. In RESCAN, the defect detection is performed by comparing the complex amplitude of the sample with a defect-free version of it obtained from a control sample or derived computationally from the reticle layout; in either case, the quality of the reconstructed amplitude determines the defect sensitivity of the system. We estimated the impact of the different pellicles on the reconstruction fidelity by comparing the complex amplitude obtained from the bare sample to the ones obtained with the pellicles. Our analysis showed that the 100-nm-thick Si 3 N 4 pellicle induces severe artifacts in the reconstructed magnitude while both the SW-CNT and the MW-CNT pellicles don't alter the reconstruction visibly. We attribute this clear difference to the lower EUV absorption.
Furthermore, we proved that is possible to mitigate the artifacts in the reconstruction of the sample with the Si 3 N 4 membrane by decomposing the illumination in multiple orthogonal modes that model the alterations in the probe shape caused by the interaction between the illumination beam and the pellicle. Since RESCAN proved to be a versatile tool for EUV pellicle testing, we plan to continue this work including different pellicles, with and without coating, and to evaluate the effect of membrane-induced flare on defect sensitivity by using a specifically designed reticle sample with programmed defects and flare test patterns.
To our knowledge, this work is the first successful attempt to image through EUV pellicles, demonstrating both capabilities of RESCAN and the feasibility of CNTs as EUV pellicles. We note that the current experiments were performed without ambient hydrogen in the chamber. This will be a subject of future experiments.
